However, these methods either require expensive equipment or need to be performed by skilled personnel. With increasing importance of amperometric biosensors due to the advantages of being highly sensitive, rapid, economical and easy-to-handle for measurements, several types of biosensors have been constructed for the determination of azide based on the inhibition of enzymatic activity, including a laccase or tyrosinase immobilized mediated carbon electrode, 10, 11 and a catalase immobilized Clark-type oxygen electrode. 12 In this paper, we report on new methods to construct biosensors for the amperometric determination of azide by using a disposable, screen-printed electrode immobilized with catalase or tyrosinase, as shown in Fig. 1 .
The first method for azide determination is based on inhibiting the enzymatic consumption of H2O2 on a catalase-immobilized screen-printed electrode by azide, as shown in Fig. 1(A) . H2O2 can result in a high current due to its oxidation at the working electrode; however, the immobilized catalase on the electrode initiates the decomposition of H2O2 into H2O and O2, which consumes H2O2 at the electrode surface considerably, and therefore the current response to H2O2 is not apparent. The presence of azide inhibits the enzymatic activity of catalase, and thus the consumption of H2O2 by catalase on the electrode decreases, followed by a significant increase of the current signal, and the current difference after the injection of azide is proportional to the concentration of azide.
The second method for azide determination is based on inhibiting the enzymatic consumption of catechol on a tyrosinase-immobilized screen-printed electrode by azide, as shown in Fig. 1(B) . Catechol can result in a high current due to its oxidation at the working electrode; however, the immobilized tyrosinase on the electrode converts it into benzoquinone in the presence of oxygen, which consumes catechol at the electrode surface significantly, and therefore the current response to catechol using the tyrosinase-immobilized electrode is much smaller than that using a bare electrode. The presence of azide inhibits the enzymatic activity of tyrosinase, and thus the consumption of catechol by tyrosinase on the electrode decreases, followed by a significant increase of the current signal; the current difference after the injection of azide is proportional to the concentration of azide.
Experimental

Apparatus
A potentiostat EP30 (Biometria, Germany) and a computer installed with the software FIABOLO were used. The screenprinted electrode (BioSensorTrend, Germany) with a 2-electrode configuration was composed of a platinum (Pt) working electrode (diameter: 1 mm) and an Ag/AgCl reference/counter electrode. A measuring cell (volume: 1 ml), connected to a syringe and installed with two connectors (cathode and anode) and an electrode-fitting site, was constructed for experiments.
Chemicals
Catalase (EC 1.11.1.6, from Bovine Liver), tyrosinase (1.14.18.1, from Mushroom), and catechol were from SigmaAldrich (USA). Potassium dihydrogen phosphate (KH2PO4), dipotassium hydrogen phosphate (K2HPO4), sodium azide, and hydrogen peroxide (H2O2) were from Riedel-deHäen (Germany).
Enzyme-electrode preparations
A screen-printed electrode was covered by a 0.5 μl mixture containing 75 U catalase and 1% glutaraldehyde, or 75 U tyrosinase and 1% glutaraldehyde, followed by drying and storing at 4˚C overnight. The enzyme-electrode was then screwed into the measuring cell, which was filled with a buffer solution, and rehydrated for around 1 h at room temperature (22˚C) to allow the enzyme matrix to swell before use.
Amperometric measurement
Experiments were performed at room temperature by applying a specific potential for this type of screen-printed electrode at 0.42 V (the recommended potential by BioSensorTrend) and magnetically stirring the solution at 300 rpm to obtain a uniform distribution of azide. The measurements were carried out in a 50 mM K-PBS buffer solution containing 1 mM H2O2 for the catalase-immobilized electrode or 1 mM catechol for the tyrosinase-immobilized electrode at pH 7.0. One milliliter of buffer solution was added into the measuring cell. After achieving a steady background current, the measurement was started by adding 1 -200 mM of a standard azide solution (0.1 -10 μl) into the buffer solution contained in the measuring cell, and the current difference (nA) between the stationary currents was recorded for plotting a calibration curve. A syringe was used between each measurement for sucking the buffer solution out of the measuring cell to remove the azide.
Results and Discussion
A bare screen-printed electrode showed no current response to azide, but a high current response of 3480 nA to 1 mM H2O2. The catalase-immobilized screen-printed electrode exhibited no apparent current response to 1 mM H2O2 due to the enzymatic decomposition of H2O2 by catalase. Figure 2(A) shows a current-time curve with the catalase-immobilized electrode obtained by adding various amounts of azide. As shown in the figure, after the injection of azide, the anodic current increased due to a decrease of H2O2 consumption by catalase, and the increase of the anodic current was proportional to the concentration of azide. The response of the sensor was rapid (1 s) with a high reproducibility and a short recovery time (1 min). The steady background current increased after the addition of azide and reached a new steady state within 30 s. Therefore, the total measurement using the sensor took less than 3 min. Figure  2 (B) shows a calibration curve for azide with the catalaseimmobilized electrode. A linear relationship was obtained between the current response and the concentration of azide from 0.1 μM to 50 μM with a slope of 18.51 nA μM -1 and a correlation coefficient of 0.9923. This method also has a high reproducibility with a RSD of 6.6% for 5 different catalaseimmobilized electrodes by testing the sensitivity. Compared to the biosensor methods reported previously, [10] [11] [12] this method shows high-performance characteristics with a most sensitive detection range, a short measuring time and an easy-to-handle operation.
A bare screen-printed electrode showed a high current response of 2350 nA to 1 mM catechol, and the tyrosinaseimmobilized screen-printed electrode exhibited a current response of 350 nA to 1 mM catechol due to incomplete consumption of catechol by tyrosinase. Figure 3(A) shows a current-time curve with the tyrosinase-immobilized electrode obtained by adding various amounts of azide. As shown in the figure, after the injection of azide, the anodic current increased due to a decrease of catechol consumption by tyrosinase; the increase of the anodic current was proportional to the concentration of azide. The response of the sensor was rapid (1 s) with a high reproducibility and a short recovery time (1 min). The steady background current increased after the addition of azide, and reached a new steady state within 30 s. Therefore, the total measurement using the sensor took less than 3 min. Figure 3(B) shows the calibration curve for azide with the tyrosinase-immobilized electrode. A linear relationship was obtained between the current response and the concentration of azide from 5 μM to 1000 μM with a slope of 0.45 nA μM -1 and a correlation coefficient of 0.9989. This method also has a high reproducibility with a RSD of 4.5% for 5 different tyrosinaseimmobilized electrodes by testing the sensitivity. Under this experimental condition, the determination of azide using the tyrosinase-immobilized electrode was not as sensitive as that using a catalase-immobilized electrode, which was probably due to the inhibition effect of azide on tyrosinase being not as large as that on catalase.
In summary, we demonstrated the amperometric measurements of azide based on its inhibition of enzymatic consumption of hydrogen peroxide or catechol using a disposable, screen-
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ANALYTICAL SCIENCES OCTOBER 2006, VOL. 22 printed electrode immobilized with catalase or tyrosinase. Either of these methods provides a new analytical approach to the determination of azide that is rapid, sensitive, economical and easy-to-handle. Besides, the two methods also provide new analytical methods for the determinations of some other toxic substances.
